Reduced oxygen level (hypoxia) induces endothelial dysfunction and release of the endogenous nucleoside adenosine. Human umbilical vein endothelium (HUVEC) function in an environment with 3% to 5% O 2 and exhibit efficient adenosine membrane transport via human equilibrative nucleoside transporters 1 (hENT1). We studied whether adenosine transport and hENT1 expression are altered by hypoxia in HUVEC. Hypoxia (0 to 24 hours, 2% and 1% O 2 ) reduced maximal hENT1-adenosine transport velocity (V max ) and maximal nitrobenzylthionosine (NBMPR, a highaffinity hENT1 protein ligand) binding, but increased extracellular adenosine concentration. Hypoxia also reduced hENT1 protein and mRNA levels, effects unaltered by N -nitro-L-arginine methyl ester (L-NAME, nitric oxide synthase [NOS] inhibitor) or PD-98059 (inhibitor of mitogen-activated protein kinase kinase 1 and 2 [MEK1/2]). Hypoxia reduced endothelial NOS (eNOS) activity and eNOS phosphorylation at Ser 1177 , but increased eNOS protein level. Hypoxia increased (1 to 3 hours), but reduced (24 hours) p42/44 mapk phosphorylation. Thus, hypoxia-increased extracellular adenosine may result from reduced hENT1-adenosine transport in HUVEC. Hypoxia effect seems not to involve NO, but p42/44 mapk may be required for the relatively rapid effect (1 to 3 hours) of hypoxia. These results could be important in diseases where the fetus is exposed to intrauterine environments poor in oxygen, such as intrauterine growth restriction, or where adenosine transport is altered, such as gestational diabetes. (Circ Res. 2005;97:16-24.) 
T he endogenous nucleoside adenosine modulates the vascular tone via activation of adenosine purinoceptors in vascular endothelium and smooth muscle. [1] [2] [3] [4] Because extracellular adenosine concentration, and thereafter its vascular effects, depend on the capacity of the endothelium to take up and metabolize adenosine, 4 -8 expression and activity of nucleoside transporters is crucial to maintain the extracellular adenosine concentration within its physiological range. 4,8 -11 In human umbilical vein endothelium (HUVEC) the major fraction of adenosine transport (Ϸ80%) is mediated by Na ϩ -independent human equilibrative nucleoside transporters 1 (hENT1), with a minor fraction (Ϸ20%) via hENT2. 8, 12 hENT1 is encoded by SLCA291 gene, mediates transport of purine and pyrimidine nucleosides (K m Ϸ50 to 200 mol/L), and is inhibited by nitrobenzylthioinosine (NBMPR), a highaffinity (nmol/L) hENT1 protein ligand. 4, 5, 11 Adenosine transport via hENT1 is reduced by nitric oxide (NO) in HUVEC, 4, 8, 9 thus endothelial NO synthase (eNOS) may play a critical role under conditions where its expression and activity are altered such as gestational diabetes 4, 8 or intrauter-ine growth restriction (IUGR), 13 a disease associated with low oxygen (hypoxia) levels. 13 Hypoxia downregulates mouse ENT1 activity and mRNA level in the cardiomyocyte cell line, HL-1, 14 and increases extracellular adenosine in humans, 15 animals, 16 and in oxygen-sensitive pheochromocytoma (PC-12) cells. 17 Hypoxia also leads to limb vasodilation in humans 7 and animal models, 16, 18 and induces endotheliumindependent vasodilation in human heart arteriole. 19 Because NBMPR increases extracellular adenosine in HUVEC, 8 increased adenosine in hypoxia may result from inhibition of ENTs activity and expression. Therefore, we investigated whether hypoxia alters adenosine transport and hENT1 expression in HUVEC.
This study shows that hypoxia decreases hENT1-adenosine transport and hENT1 expression in HUVEC. Hypoxia also inhibited eNOS activity and reduced eNOS mRNA level, but increased eNOS protein abundance. Hypoxia-increased extracellular adenosine may result from lower hENT1 transport activity attributable to p42/44 mapk activation at short (1 to 3 hours) but not at longer (24 hours) hypoxia periods. Because HUVEC function in an environment with 3% to 5% O 2 , 20 -22 adenosine removal may be tonically reduced, which could result in abnormal blood flow to the fetus 4, 8, 9 altering its growth as reported in pregnancy diseases associated with fetal hypoxia such as intrauterine growth restriction. 13
Materials and Methods

Cell Culture
HUVEC were isolated by collagenase (0.25 mg/mL) digestion and cultured (37°C, 5% CO 2 ) in medium 199 containing 5 mmol/L D-glucose, 10% new born calf serum, 10% fetal calf serum, 3.2 mmol/L L-glutamine, 100 mol/L L-arginine, and 100 U/mL penicillin-streptomycin. 13, 23 Hypoxia Cells (passage 2) were exposed (0 to 24 hours, 37°C) to a gas mixture (5% CO 2 -balanced N 2 ) to obtain 1% O 2 (pO 2 Ϸ6.78 mm Hg) or 2% O 2 (pO 2 Ϸ13.5 mm Hg; barometric pressureϭ718 to 721 mm Hg, Santiago de Chile) in an automated PROOX 110sealed hypoxia chamber (BioSpherix). Because normal oxygen content in human umbilical vein blood is 3.2% to 5.1% O 2 (ie, pO 2 ϭ22 to 35 mm Hg), 20 -22 control experiments were performed in cells cultured for 48 hours before the experiments Ͻ5% O 2 (pO 2 Ϸ33.9 mm Hg, normoxia). Cell viability was assayed by Trypan blue exclusion as reported. 24 These experiments show that Ͼ97% of cells excluded the dye in either normoxia or hypoxia. Samples of medium were analyzed for pO 2 and pH (range 7.37 to 7.41) in a blood gas analyzer (Radiometer). In parallel experiments, cells in passage 1 were exposed to hypoxia and no significant differences compared with passage 2 cells were observed.
Adenosine Transport
Overall adenosine transport ([ 3 H]adenosine, 2 Ci/mL, 5 seconds, 22°C) was measured as described. 8 Briefly, cells were rinsed with warmed (22°C) phosphate-buffered Krebs solution containing 5 mmol/L D-glucose and 100 mol/L L-arginine, and preincubated (30 minutes, 22°C) with Krebs containing NBMPR (0.02 to 1000 nmol/L). 8, 24 In some experiments, sodium in the Krebs was replaced by N-methylglucamine-HCl or choline chloride. Absence of extracellular sodium did not alter adenosine transport in cells in normoxia or hypoxia (not shown).
Transport kinetics (7.8 to 500 mol/L) was measured in absence or presence of 1 mol/L NBMPR, 2 mmol/L hypoxanthine, or both. 12 Difference between total transport and transport in presence of 1 mol/L NBMPR was ENT1-mediated transport. Difference between total transport and transport in presence of 2 mmol/L hypoxanthine was ENT2-mediated transport. 12 Tracer uptake was terminated by rinsing the monolayers with ice-cold Krebs containing 10 mol/L NBMPR and 2 mmol/L hypoxanthine. Cell-associated radioactivity and data analyses were performed as described. 12 Transport was also determined in cells preincubated (30 minutes, 0.1 to 300 mol/L) with N G -nitro-L-arginine methyl ester (L-NAME, eNOS inhibitor) or S-nitroso-N-acetyl-L,D-penicillamine (SNAP, NO donor), or PD-98059 (MAP kinase kinase 1/2 [MEK1/2] inhibitor).
NBMPR Binding
Cells preincubated in Krebs containing 10 mol/L NBMPR were incubated with [ 3 H]NBMPR (30 minutes, 22°C). Specific binding was the difference between binding in presence and absence of 10 mol/L NBMPR. 8, 12 
Antibody Production
Immunoreactive antiserum for hENT1 against amino acids 274 to 283 of the predicted intracellular loops between transmembrane segments 6 and 7 of hENT1 was prepared as described. 12, 25 
L-[ 3 H]Citrulline Assay
Cells were incubated with 100 mol/L L-[ 3 H]arginine (4 Ci/mL, 30 minutes, 37°C) in absence or presence of 100 mol/L L-NAME. Digested cells (95% formic acid) were passed through a cation ion-exchange resin Dowex-50W (50X8 -200) and L-[ 3 H]citrulline determined in H 2 O eluate. 8, 13 
Adenosine Determination
Adenosine was measured by high performance light chromatography in cells in 5% or 2% O 2 (24 hours) as described. 8 Samples were incubated (80°C, 1 hour), centrifuged (21.910g, 4 minutes), and aliquots (80 L) were injected into an ISCO HPLC system (4.6ϫ250 mm C 18 reverse-phase column). Ratio of the area under the adenosine peaks to the area under the internal standard peak was compared with a standard curve. 8
Western Blots
Proteins (70 g) separated by polyacrylamide gel (8%) electrophoresis were transferred to Immobilon-P polyvinylidene difluoride membranes and probed with primary polyclonal rabbit anti-hENT1 (1:2000), anti-eNOS (1:1500), anti-phosphorylated eNOS at Serine 1177 (Ser 1177 -PϷeNOS, 1:250), anti-p42/44 mapk (1:1500), antiphosphorylated p42/44 mapk (1:1500), or anti-␤ actin (1:2000) antibodies. 8, 12, 13 Membranes were washed in Tris buffer saline Tween, and incubated (1 hour) in TBST/0.2% BSA containing horseradish peroxidase-conjugated goat anti-rabbit antibody. 8, 13 Proteins were detected by enhanced chemiluminescence (film exposure time was 5 minutes) and quantitated by densitometry using an Ultrascan XL enhanced laser densitometer (LKB Instruments). 8, 13 
Isolation of Total RNA and Reverse Transcription
Total RNA was isolated using a QIAGEN RNeasy kit as described. 8, 12, 23 RNA quality and integrity was assured by gel visualization and spectrophotometric analysis (OD 260/280 ) and quantitated at 260 nm. Aliquots (1 g) of total RNA were reversed transcribed into cDNA using oligo (dT 18 ) plus random hexamers (10-mers) and avian Moloney murine leukemia virus-reverse transcriptase (M-MLV, Promega). 8, 12, 23 
RT-PCR
Experiments were performed using a LightCycler rapid thermal cycler (Roche Diagnostics) as described. 8, 12, 23 In brief, reactions in 10 L volume included 0.5 mol/L primers, and dNTPs, Taq DNA polymerase and reaction buffer provided in the QuantiTect SYBR Green PCR Master Mix (QIAGEN). HotStart Taq DNA polymerase was activated (15 minutes, 95°C), and assays included a 95°C denaturation (15 seconds), annealing (20 seconds) at 58°C (hENT1), 54°C (eNOS), 56°C (28S), and extension at 72°C (hENT1, 15 seconds; eNOS, 17 seconds; 28S, 10 seconds). Fluorescent product was detected after additional 3-seconds step to 5°C below the product melting temperature (T m ). Product specificity was confirmed by agarose gel electrophoresis (2% v/v) and melting curve analysis. The product T m values were 79.5°C for hENT1, 86.43°C for eNOS, and 82.4°C for 28S. hENT1, eNOS, and 28S standards were prepared as described. 8, 12, 23 Oligonucleotide primers: hENT1-sense 5Ј-TCTCCAACTCTCAGCCCA-CCAA-3Ј, hENT1-antisense 5Ј-CCTGCGATGCTGGACTTGACCT-3Ј, eNOS-sense 5Ј-CCAGCTAGCCAAAGTCACCAT-3Ј, eNOS-antisense 5Ј-GTCTCGGAGCCATACAGGATT-3Ј, 28S-sense 5Ј-TTGAAAAT-CCGGGGGAGAG-3Ј, 28S-antisense 5Ј-ACATTGTTCCAACATGCC0 AG-3Ј. Expected size products were hENT1 151 bp, eNOS 354 bp, and 28S 100 bp. Moravek Biochemicals. eNOS antibodies were from Cell Signaling, New England Biolabs, and ␤-actin antibodies were from Santa Cruz Biotechnology.
Materials
Statistical Analysis
Values are meanϮSEM, where n indicates number of cell cultures (4 to 8 replicates). Statistical analyses were performed on raw data using the Peritz F multiple means comparison test. 26 Student t test was applied for unpaired data, and PϽ0.05 was considered statistically significant.
Results
Adenosine Transport
Hypoxia reduced adenosine transport in absence or presence of hypoxanthine in an oxygen content-dependent manner ( Figure 1A ). Transport inhibition by hypoxanthine in 2% O 2 (20Ϯ3%) or 1% O 2 (21Ϯ5%) was similar to normoxia (22Ϯ4%). NBMPR inhibited adenosine transport in normoxia [half-maximal effect (K 1/2 )ϭ0.28Ϯ0.06 nmol/L], 2% O 2 (K 1/2 ϭ0.31Ϯ0.05 nmol/L), or 1% O 2 (K 1/2 ϭ0.37Ϯ0.04 nmol/L) ( Figure 1B ). Hypoxia-inhibited transport was timedependent with similar exposure times to induce halfmaximal inhibition in 2% O 2 (3.5Ϯ0.3 hours) or 1% O 2 (4.2Ϯ0.4 hours) ( Figure 2A ). Adenosine transport was satu-rable and maximal transport velocity (V max ) was reduced in a concentration-dependent manner by hypoxia ( Figure 2B ; Table 1 ). However, apparent K m was not significantly altered by hypoxia. Hypoxia-reduced V max was unaltered by L-NAME or PD-98059 (Table 1) . However, SNAP reduced the V max to similar values in normoxia or hypoxia. Eadie-Hofstee analyses of transport data were linear in normoxia or hypoxia ( Figure 2C ). Similar results were found in HUVEC exposed 3 hours to 2% O 2 ( Table 1) . Parallel experiments show that L-NAME, SNAP, or PD-98059 effect on ENT1-adenosine transport in normoxia was concentration-dependent. Only SNAP reduced adenosine transport in cells in 2% O 2 ( Figure  3A ).
hENT1 Expression
hENT1 mRNA level was reduced in a concentration-and time-dependent manner by hypoxia ( Figure 4A ). Time required for half-maximal inhibition of hENT1 mRNA expression in 2% O 2 (1.2Ϯ0.2 hours) was similar (PϾ0.05) to 1% O 2 (1.9Ϯ0.4 hours). hENT1 protein abundance in 3% O 2 was similar to normoxia ( Figure 4B ). hENT1 mRNA ( Figure 3B ) and protein ( Figure 3C ) levels increased in cells incubated with L-NAME or PD-98059 in normoxia. However, PD-98059 restores hENT1 mRNA and protein level in 3 hours, but not in 24 hours of hypoxia. However, SNAP reduced hENT1 mRNA and protein levels in normoxia or hypoxia. As for transport, similar results were found in cells exposed for 3 hours to 2% O 2 ( Figure 4B ).
NBMPR Binding
Maximal [ 3 H]NBMPR specific binding (B max ) was reduced in 2% O 2 (Table 2 ). However, apparent K d was unaltered by hypoxia. L-NAME and PD-9805 increased, but SNAP reduced the B max in normoxia, without altering apparent K d (Table 2 ). However, B max was unaltered by L-NAME and PD-98059, but was reduced by SNAP under hypoxia.
Extracellular Adenosine
Hypoxia increased (PϽ0.05, nϭ4) extracellular adenosine (1.8Ϯ0.1 mol/L) compared with cells in normoxia Adenosine transport (20 seconds, 22°C) was measured in HUVEC exposed (3 or 24 hours) to normoxia (5% O 2 ) or hypoxia (1 or 2% O 2 ), in absence or presence of N -nitro-L-arginine methyl ester (L-NAME, 100 mol/L), PD-98059 (10 mol/L) or S-nitroso-N-acetyl-L,D-penicillamine (SNAP, 10 mol/L) (see Methods 
eNOS Activity and Expression
Hypoxia reduced L-citrulline formation compared with normoxia ( Figure 5A ). L-NAME inhibition of L-[ 3 H]citrulline formation in normoxia was of similar magnitude to hypoxia inhibition in absence of L-NAME. eNOS protein level was increased by 2% O 2 ( Figure 3B) ; however, abundance of serine 1177 phosphorylated eNOS was reduced in hypoxia ( Figure   5B ). Hypoxia also reduced eNOS mRNA level, an effect unaltered by PD-98059, SNAP, or L-NAME ( Figure 5C ).
p42/44 mapk Phosphorylation
Phosphorylation of p42/44 mapk increased between 1 to 3 hours, but decreased after 24 hours in 2% O 2 ( Figure 6A ). However, total p42/44 mapk was unaltered by hypoxia. SNAP increased p42/44 mapk phosphorylation in normoxia or after 24 hours of hypoxia, an effect blocked by PD-98059 ( Figure 6B ). SNAP did not alter the p42/44 mapk phosphorylation exhibited by cells exposed for 3 hours to hypoxia.
Discussion
This study shows that hypoxia inhibits hENT1-mediated adenosine transport in HUVEC. Hypoxia effect is parallel to reduced maximal transport activity and hENT1 expression; a phenomenon that could lead to increased extracellular adenosine concentration, and that does not involves NO, but requires p42/44 mapk activation at short hypoxia periods (1 to 3 hours). Hypoxia-inhibited adenosine transport could comprise a potential mechanism responsible for the altered vascular reactivity detected in pregnancy diseases associated with fetal hypoxia, such as intrauterine growth restriction, 13 or where adenosine transport is reduced, such as gestational diabetes. 4, 8, 24 The endogenous nucleoside adenosine modulates the vascular tone leading to vasodilatation or vasoconstriction. 1, 3 Adenosine effects depend on its plasma concentration, which results from the endothelial capability to take up and metabolize this nucleoside. 1, 2, 4, 9, 11 Extracellular adenosine concentration is increased in HUVEC from gestational diabetes 8 and in HUVEC from normal pregnancies exposed to elevated D-glucose 12 or the nucleoside transport inhibitor NBMPR. 8 Interestingly, gestational diabetes, D-glucose, and NBMPR effects were associated with reduced adenosine transport suggesting that increased adenosine concentration may result from reduced uptake in HUVEC, a phenomenon that could be determinant for the activity of the proposed adenosine/Larginine/NO signaling (ALANO) pathway in this cell type. 4 Our results show that exposure of HUVEC to 2% O 2 increases extracellular adenosine compared with 5% O 2 (considered as normoxia because oxygen content in human umbilical vein blood is 3% to 5%), 20 -22 confirming previous reports in HUVEC 27 and complementing the hypoxiaincreased adenosine plasma concentration detected in humans. 15 Because ecto-nucleosidases are not expressed in HUVEC, 4, 11, 24 hypoxia-increased extracellular adenosine concentration may become an alternative mechanism to the proposed endothelial adenosine release detected in hypoxia. 2, 27, 28 Adenosine transport is primarily mediated by Na ϩindependent hENT1 8 and hENT2 12 in HUVEC. hENT1 mediates nucleoside transport and is inhibited by nmol/L NBMPR. hENT2 mediates transport of nucleosides and the nucleobases hypoxanthine and uracil, and is inhibited by Ͼ1 mol/L NBMPR. 4, 11 Total adenosine transport inhibition by hypoxanthine in normoxia (Ϸ20%) was similar to the inhibition observed in 1 or 2% O 2 . In addition, NBMPR abolished adenosine transport in presence of hypoxanthine with a similar K i (Ϸ0.3 nmol/L) in normoxia and hypoxia. These results agree with reports in the murine atrial cardiomyocyte tumor cell line, HL-1, where adenosine transport is reduced by 2% O 2 , 14 suggesting that hypoxia effect on adenosine transport is not restricted only to human fetal endothelium. Because adenosine transport in presence of hypoxanthine was saturable [apparent K m (Ϸ50 mol/L) within the range of ENT1-mediated transport] 4,11 and Eadie-Hofstee analysis of saturable transport was linear, it is likely that hypoxia inhibits hENT1-, but not hENT2-adenosine transport in HUVEC.
Hypoxia reduced V max , with no significant changes in apparent K m , for adenosine transport suggesting that its effect could result from reduced number of hENT1 transporters at the plasma membrane with no changes in its transport capacity, or reduced transport activity of a constant number of hENT1 transporters at the plasma membrane, or both. 24, 29 Parallel experiments show that hypoxia reduced the B max for 8, 24, 29 was similar (PϾ0.05) in normoxia and hypoxia (78Ϯ8 and 72Ϯ10 adenosine molecules per transporter per cell, respectively). These results are similar to previous findings in HUVEC in response to D-glucose 12, 30, 31 and ATP, 31 or in HUVEC from gestational diabetes. 8, 24 The possibility of a reduced number of hENT1 transporters in hypoxia was supported by results showing oxygen contentdependent reduction of hENT1 protein abundance. Because hypoxia also reduced the hENT1 mRNA number of copies in HUVEC, a finding similar to the reduced mENT1 mRNA level detected in HL-1 cells, 14 hypoxia-reduced protein level could result from lower SLC29A1 gene (for hENT1) 4 transcription. Hypoxia reduced L-citrulline synthesis suggests lower NOS activity in HUVEC. This is supported by reduced eNOS phosphorylation at Serine 1177 (a residue known to activate eNOS) 32 detected in hypoxia. These results are contradictory with a recent report in porcine coronary artery endothelium (PAEC) where short-term hypoxia (Ϸ2% O 2 , 3 hours) increases eNOS activity, 33 emphasizing the fact that not all endothelia respond similarly to hypoxia. These results could well be attributable to differences in species (porcine versus human), cell type (coronary artery versus umbilical vein), developmental state (adult versus fetal), or normal (physiological) blood oxygen content to which endothelial cells are exposed in these particular 2 studies (Ϸ5% O 2 in HUVEC versus Ϸ19% O 2 in PAEC).
Because hypoxia increased eNOS protein abundance, but decreased eNOS mRNA, reduced L-citrulline synthesis may result from lower eNOS activity. Total and hENT1-mediated adenosine transport are reduced by NO but increased by L-NAME (eNOS inhibitor) in HUVEC, 8, 30 agreeing with reports in human B lymphocyte-derived cell line Raji 34 and murine bone marrow macrophages. 35 Because adenosine transport and eNOS activity were reduced by hypoxia, a possibility is that NO may act as stimulator, rather than an inhibitor of adenosine transport under this environmental condition. However, because (1) the NO donor, SNAP, inhibited hENT1-adenosine transport in normoxia or hypoxia, and (2) maximal transport inhibition by SNAP in normoxia was similar to the maximal inhibition induced by 1% O 2 , this possibility is unlikely. L-NAME did not reverse hypoxiareduced hENT1-adenosine transport, but increased transport in normoxia, suggesting that eNOS activity is required in normoxia, but not in hypoxia, to modulate hENT1-adenosine transport in HUVEC. This is supported by the increased number of membrane transporters determined in normoxia (2.83ϫ10 6 transporters per cell), but not in hypoxia (1.13ϫ10 6 transporters per cell) in response to L-NAME. In addition, L-NAME increased hENT1 mRNA and protein level only in normoxia. Thus, reduced hENT1-adenosine transport in hypoxia may result from lower hENT1 membrane transporters expression, a phenomenon that apparently does not involve NO. However, we suggest that a mechanism not necessarily associated with low NO synthesis is operative to reduce hENT1 expression and activity in HUVEC under hypoxia. Several options are feasible including reduced hENT1 recycling, hENT1 mRNA stability, or overexpression of A 2a -purinoceptors known to be involved in adenosine-and gestational diabetes-induced inhibition of hENT1 expression and activity in HUVEC. 4,8 -10,17 Phosphorylation of p42/44 mapk (the downstream kinases phosphorylated by MEK1/2) 36 requires NO synthesis in HUVEC exposed to insulin, 23 D-glucose, 8, 30 or in HUVEC from gestational diabetes. 8 Because p42/44 mapk phosphorylation is required to inhibit total adenosine transport in HUVEC, 30 and because increased p42/44 mapk phosphorylation and reduced ENT1-adenosine transport induced by 3 hours of hypoxia were blocked by PD-98059, it is feasible that relatively short periods of hypoxia reduces ENT1-adenosine transport via activation of p42/44 mapk in HUVEC. Our results also show reduced p42/44 mapk phosphorylation after 24 hours of hypoxia. Thus, it is likely that p42/44 mapk dephosphorylation, rather than phosphorylation, may be involved in the long-term (24 hours) effect of hypoxia on hENT1-adenosine transport. The latter is supported by results showing that reduction of p42/44 mapk phosphorylation and adenosine transport after 24 hours of hypoxia were unaltered by PD-98059 (MEK1/2 inhibitor). This finding is contradictory with reports where adenosine uptake inhibition by D-glucose (24 hours, 25 mmol/L) was abolished by PD-98059, suggesting that MEK1/2 activation is required for D-glucose effect in HUVEC 8, 30 or rat B lymphocytes. 37 Interestingly, hypoxia induces p42/44 mapk phosphorylation returning to basal values after minutes to hours in different cell types. 36,38 -40 Inhibition of hENT1-adenosine transport in HUVEC exposed 1 to 3 hours to hypoxia was paralleled by increased p42/44 mapk phosphorylation, suggesting that p42/44 mapk was involved in this relatively rapid (1 to 3 hours) effect of hypoxia. This finding agrees with reports in human dermal microvascular endothelium (1% O 2 ), 38 human umbilical vein smooth muscle cells (1% O 2 ), 39 or porcine aortic endothelial cells (0% O 2 ). 40 Because cells incubated for 24 hours under hypoxia exhibit reduced hENT1-adenosine transport and p42/44 mapk phosphorylation, it is feasible that short-and long-term hypoxia have differential effect on hENT1-adenosine transport in HUVEC resulting from different cell signaling associated with p42/44 mapk activation/inactivation. 36 Interestingly, PD-98059 increased hENT1 protein level in normoxia or after 3 hours of hypoxia, but was ineffective after 24 hours of hypoxia. PD-98059 effect was mirrored by changes in hENT1 mRNA expression. Thus, p42/44 mapk activation is required for downregulation of hENT1 expression in HUVEC. Because ENT1-mediated transport, hENT1 expression, as well as p42/44 mapk phosphorylation are downregulated by 24 hours of hypoxia, it is likely p42/44 mapk is not involved in the long-term effect of hypoxia. Interestingly, SNAP reduced ENT1-adenosine transport and hENT1 expression, but increased p42/ 44 mapk phosphorylation in cells exposed to hypoxia for 24 hours, confirming the reported potential effect of NO as modulator of hENT1 expression 4, 8, 9 and activity 24 in HUVEC.
In conclusion, we demonstrated that hypoxia inhibits hENT1-mediated adenosine transport in HUVEC, an effect that could be caused by reduced expression of hENT1 transporters. NO seems not to be involved in the effect of hypoxia. However, at short periods (1 to 3 hours) of hypoxia, inhibition of hENT1-mediated transport may result from p42/44 mapk activation, but at longer periods (24 hours) this kinase is not involved. However, NO or p42/44 mapk are determinant to maintain basal hENT1, mRNA, and protein expression in HUVEC in normoxia, acting at a post-and pretranscriptional level, respectively. Thus, extracellular accumulation of adenosine in hypoxia could be attributable to reduced expression and hENT1 transport activity in HUVEC, complementing reports of hypoxia-increased extracellular adenosine release from the endothelium. 2, 4, 11, 27, 28 Because human umbilical vein is not innervated, 41 downregulation of hENT1-adenosine transport by hypoxia in HUVEC could be a key process modulating umbilical vein tone to maintain blood flow from the placenta to the fetus. 13, 21, 22 This is of particular importance in diseases where the fetus is exposed to an intrauterine environment poor in oxygen, such as intrauterine growth restriction, 13 or in diseases where adenosine transport is reduced, such as gestational diabetes. 4, 8, 24 
